Cell-free incorporation of amino acid into paramecium protein was accomplished by using ribosomes, soluble fraction, guanosine triphosphate and adenosine triphosphate. Less than 20% of the incorporated label was detected in the soluble fraction, indicating that little if any complete de novo synthesis occurred. Incorporation was markedly decreased by submicrogram concentrations of RNase and by decreasing [Mg2+] to below 3 ,umoles/ ml. A 'pH 5 fraction ' from mouse liver was able to replace the paramecium soluble fraction but attempts to obtain active 'pH 5 fractions' from paramecium failed. Evidence is presented for the presence of polyribosomes in paramecium; there was some indication that they were active in amino acid incorporation. Following incorporation, 80s ribosomes labelled with amino acid were recovered ; subjecting these to Mg2+-deficient buffer caused dissociation into 45s and 30s units. A considerable portion of the label remained with the heavier unit.
INTRODUCTION
Fruton (1 963) and Campbell (1 965) have recently reviewed the considerable research done in recent years on cell-free incorporation of amino acid into protein ('protein synthesis '). However, while extensive studies have been undertaken with bacterial and mammalian systems and to a lesser extent with extracts from fungal and higher plant tissue, work on the protozoa is almost nonexistent. The literature contains three papers on Tetrahymena pyriformis (Mager & Lipmann, 1958; Mager, 1960; Seaman, 1962) , and one on the trypanosome Crithidia oncopelti (Chesters, 1966) . With respect to ribosomally-controlled protein synthesis only the studies of Mager & Lipmann and of Chesters are relevant. The present paper deals with amino acid incorporation into protein in a cell-free system obtained from the ciliated protozoan Paramecium aurelia. Because paramecium is genetically the most extensively studied protozoan, it seemed advisable to determine whether or not its protein synthesis fell into the 'classical' pattern.
mixture at 17 lb./sq.in. (about 123") for 40 min. Growth rate was one fission/day and peak population equalled 4 x lo3 organisms/ml.
Preparation of dialysed yeast supernatant fluid. To every 1000 ml. water was added 3.6 kg. of grated live compressed baker's yeast. The slurry was autoclaved for 45 min. at 10 lb./sq.in., cooled to room temperature and then centrifuged at 3000g for 15 min. The autolysate supernatant fluid was decanted into dialysis tubing and the tubing sealed air-free but with about 20% excess potential volume to preclude bursting. After autoclaving for 30 min., the material was dialysed for 60 hr against running tap water. The dialysis residue, when not used immediately, was either stored at 2" in the dialysis bags, or frozen and stored at -20". It contained about 2 % (w/v) solids.
Tests for sterility. All stock tubes of paramecia were routinely tested for bacterial sterility at the time of subculturing (once each week) by using Sabouraud dextrose broth, fluid thioglycollate medium and a yeast extract + lactalbumin hydrolysate medium (0.5 % yeast extract, 0.5 % lactalbumin hydrolysate, 0.05 % glucose; w/v) and tests were observed for 7 days. From time to time sterility tests were held for 21-28 days as a further check on contamination by slow growing bacteria and fungi. Absence of observable growth in these tests was taken to mean that we were dealing with a singlemembered (axenic) culture of paramecia.
Bacterial counts of experimental fractions were made by plating on 2 % agar plates containing 005% (w/v) each of yeast extract, lactalbumin hydrolysate and glucose. Samples were also taken from each flask of a mass culture for testing in the three liquid media.
Preparation of cell fractions (all steps at 04"). Mass cultures of paramecia were harvested as previously described (Macindoe & Reisner, 1967) . Following packing of the organisms at 3000g the dark top layer of deposit was aspirated off. The organisms, after being resuspended in medium A (250 mM-sucrose, 50 mwtris, 25 mM-KC1, 5 mM-MgCl,, pH 7-61 at 5 to 7 x lo6 organisms/ml., were homogenized manually in a glass and Teflon grinder. Less than 1 % of whole paramecia were detected following this homogenization. The homogenate was centrifuged at 30008 for 15 min. and the supernatant fluid decanted and centrifuged at 10, OOOg for 15 min. This supernatant fluid was used for incorporation experiments not requiring additional fractionation. To separate ribosomes from the cell sap a 10,000g supernatant fluid was centrifuged for 40 min. at 150,OOOg. The top two-thirds of this supernatant fluid was removed for experimental use, the bottom third discarded, and after surface rinsing the pellet was resuspended in medium A.
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Fractionation of mouse liver (all steps at 0-4"). Livers from freshly killed random bred mice were excised into cold medium A and minced. Additional medium A was added to give 2-5 ml. medium A/g. wet weight liver. The material was then processed as described in the previous section except that the 10, OOOg centrifugation was replaced by one at 12,500g.
Preparation of ' p H 5 fraction'. Freshly prepared 150,000g supernatant fluid from mouse liver was diluted threefold with medium A and placed in ice. With constant stirring it was adjusted to pH 5.2 by the dropwise addition of cold 0.1 N-acetic acid and then centrifuged for 15 min. at 3000g. After discarding the supernatant fluid the pellet was surface-rinsed with medium A and then resuspended in medium A and centrifuged again at 3000g for 15 min. ; the supernatant was then decanted and held in ice until used.
Repeated attempts to obtain an active 'pH 5 fraction' from paramecia have failed.
Preparation of 14C-amino acid-labelled 80s ribosomes. To prepare 80s ribosomes labelled with a single 14C-amino acid the 150, OOOg pellet fraction from paramecia was obtained as described above. After resuspension in medium A from which sucrose was omitted it was mixed with 'pH 5 fraction' from mouse liver. The incubation conditions are given in Fig. 6a . Preparation of 80s ribosomes labelled withl*C-reconstituted protein hydrolysate was done by using paramecium 10,OOOg supernatant fluid.
Following incubation both types of preparation were layered on 15-30 % linear sucrose gradients in medium A and centrifuged for 3 hr at 53,OOOg in a Spinco SW 25-1 rotor. Samples (1 ml.) were collected through the bottom of the tubes, the value determined and the samples containing the 80s particles pooled. in 5 % (w/v) TCA, heated 20 min. at go", chilled in ice and then centrifuged. The pellet was dissolved in 0.5 N-NaOH and then re-precipitated by adding two volumes of 10 % (wlv) TCA solution and centrifuged. The pellet was then resuspended and centrifuged first in water, then in ethanol and finally in ether. The ether-washed pellet was dissolved in 03 ml. Hyamine-lOx to which was added 1Oml. scintillator (05 %, w/v, 2,5-diphenyloxazole (PPO) and 0.03 % w/v, 1,4-bis-2-(4-methyl-5-phenyloxazolyl)-benzene-
TCA soluble material. One ml. of aqueous sample (5 %, w/v, TCA) was added to 10 ml. of scintillation fluid (as above but with 2 yo (v/v) Triton X-100 added). 0.6 g.
of Cab-0-Sil (Godfrey L. Cabot. Inc., U.S.A.) was then added to the vial and the mixture shaken vigorously.
Counting was performed in an automatic liquid scintillation counter. Counting efficiency for 14C based on internal standardization was 85 k 2 % for all TCA insoluble samples and 67 & 1 % for TCA-soluble samples.
Pronase-treated subfractions from paramecium 10,OOOg supernatant fluid. A paramecium 10,OOOg supernatant fluid was obtained and incubated as described in Table 3 . Following incubation 9.8 ml. of the mixture (equiv. 49 mg. protein) was chilled to 0" and then centrifuged for 90 min. at 150,OOOg. The top 6.5 ml. of this 150,000g supernatant fluid were removed, mixed with an equal volume of saturated (NHJ,SO, solution and centrifuged for 20 min. at 14,OOOg. The pellet was dissolved in 2-5 ml. medium A (lacking sucrose) and dialysed overnight against two 11. changes of medium. The remaining 150,OOOg supernatant fluid was discarded and the pellet surface-rinsed with medium A. After resuspending it in 2.5 ml. medium A (no sucrose) it was dialysed overnight against two 1 1. changes of the medium.
Following dialysis 0.2 mg. pronase was added to 1 d. samples of the fractions which were then incubated for 45 min. at 37", together with their controls. After adding 1 ml. of 10% (w/v) TCA the mixtures were centrifuged at 3000g and 1 ml. of each supernatant fluid was removed for counting. The remaining supernatant fluid was discarded and the TCA-precipitate worked up for counting. Table 1 shows that the components of the 10,OOOg supernatant fluid were capable of incorporating amino acid. Both the 150,OOOg pellet and the 150,OOOg supernatant fluid were necessary as well as ATP, GTP, creatine phosphate and creatine phosphokinase (AGCC) as a group. In the complete system 1240 c.P.M./mg. pellet-protein were incorporated, the equivalent of 6.7 x 10" pmole valine. Comparable results were obtained in experiments with L-alanine-1 -14C and L-leucine-1 J4C. The efect of various additives on incorporation oj'amino acid into a 10,OOOg supernatant fluid The response of a paramecium 10,OOOg supernatant fluid to ATP, GTP, creatine phosphate and creatine phosphokinase in all admixtures is depicted in Fig. 1 , as well as the effect of deoxyribonuclease and ribonuclease when added just before incubation. It is apparent that the DNase had little effect on incorporation (90 C.P.M. vs. 108) while RNase at a final concentration of 0.6pg./ml. caused a marked depression of incorporation (31 C.P.M. vs. 108). Both GTP and ATP (or the ATP generating system) were required for maximum incorporation, but the ATP preparation also exerted inhibition. For example, when added to the other three co-factors, it caused a 40% decrease in incorporation.
RESULTS
The dependence of amino acid incorporation by the 10,OOOg supernatant fluid on [Mg2+] is shown in Fig. 2 . The concentration of Mg2+ was critical; maximum incorporation occurred at about 5 ,umoles/ml.
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Incorporation of amino acid into the 10,OOOg supernatant versus time A time-course study of incorporation into a paramecium 10, OOOg supernatant fluid is shown in Fig. 3 . Linear incorporation lasted less than 5 min. and no significant incorporation occurred after 10min. The fact that no loss of TCA-insoluble label occurred up to 60min. of incubation indicated that proteolytic activity was not significant under the incubation conditions used. 
Factors involved in the cessation of incorporation
The effect of repeated addition of 150,OOOg superantant fluid to the incubation system and the effect of pre-incubation of the system's components was examined. The data reported in Table 2 demonstrate that repeated addition of the supernatant fluid fraction caused no increased incorporation (samples 1-4). Pre-incubation of either the pellet fraction or the soluble fraction, in the presence and in the absence of cofactors, caused a marked decrease in incorporative power but did not destroy it. The same was true when the two fractions were incubated together before the introduction of co-factors (samples 5 to 7). The final set (no. 8) shows that significant loss of incorporative power occurred in the system when it was held at 0". 
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Distribution of I4C-activity in the constituents of the 10,OOOg supernatant fzuid The distribution within the 10,OOOg supernatant fluid of incorporated 14C-amino acid with respect to soluble and particulate components is given in Table 3 9 and 10) . Following the 37" incubation a considerable proportion of the activity in the 150,OOOg pellet and supernatant fluid not subject to pronase treatment was soluble in cold TCA. That this may have been due to endogeneous proteolytic activity is indicated by the fact that the sum of the activities of the 150,OOOg pellet and the soluble fraction (+X lines 3-10) was 102 % that of the whole 10,OOOg supernatant fluid (TCA-insoluble and worked up for counting immediately after incorporation) and the fact that the label was present after dialysis. The addition of pronase to the fractions caused an 88 yo decrease of activity in the TCA precipitate of the 150,OOOg pellet and an 80 % decrease iI; the radioactivity of TCA precipitate of the 150,OOOg supernatant fluid. Table 3 . The efect of pronase on the distribution of 14C activity in the 150,OOOg pellet and 150,OOOg supernatant fluid obtained from a paramecium I0,OOOg supernatant fluid fraction incubated with ~-alanine-l-~~C Experimental conditions: nine 1.4 ml. incubation mixtures (7-0 mg. proteinltube) set up as described in Table 2 eight with GCC (GTP, 0.25 ,umole+creatine phosphate, 10 pmoles+ creatine phosphokinase, 100 pg.). pH 7.6, one without. Incubated 40 min. at 33". Label, Lalaninel-14C, 0.5 pc. (specific activity, 7.5 ,uc./pmole). Following incubation two tubes (one + GCC, one -GCC) were brought to 5 % (w/v) TCA and then prepared for counting.
The contents of the remaining seven tubes were pooled and handled as described in Methods, All counts are corrected, using internal standards, to 100 % efficiency. Interaction of paramecium and mouse liver fractions The data in Table 4 show that both the 150,OOOg supernatant fluid and the 'pH 5 fraction ' from mouse liver were able to act in conjunction with paramecium 150,OOOg pellet to give amino acid incorporation. Also, the paramecium soluble fraction stimulated incorporation by twice-washed microsomes (the sum of the separate fractions was 
Action of inhibitors on amino acid incorporation
The effect of streptomycin, chloramphenicol and puromycin on amino acid incorporation by paramecium 10,OOOg supernatant fluid is given in Table 5 . Chloramphenicol and streptomycin had little effect on incorporation, in agreement with previous hdings with non-bacterial systems (Rendi & Ochoa,. 1962; So & Davie, 1963; Marcus & Feeley, 1965) , while puromycin down to a concentration of 0.001 pmolelml. caused significant inhibition. Following incubation mixtures were treated as described in Table 1 except that lChx-leucine replaced valine. Fig. 3 . Time-course study of L-valine-1 JrC incorporation into paramecium 10,OOOg supernatant fluid fraction. With GCC, 0-0; Without GCC, 0-0. Experimental conditions: volume, 1.4 ml. Label ~-valine-l-~~C, 0.5 ,uc. (specific activity, 9-8 pc./,umole). GCC = GTP, 0.25 ,urnole+ creatine phosphate, 10 ,urnole+ creatine phosphokinase, 100 pg. 10,000g supernatant fluid, 5.2 mg. protein. Sucrose, 250 pmoles; tris, 50 pmoles; KCl, 25 pmoles, MgC12, 5 pmoles, pH 7.6. Incubated 33". Following incubation the mixtures were treated as described in Table 1 . Fig. 4 . Analytical ultracentrifugation of paramecium 10,OOOg supernatant fluid fraction. Speed, 31,410 rev./min. ; diaphragm angle, 55"; temperature, 2.7'; solvent, medium A. Top: 1.0 pg./ml. RNase added. Bottom: control. Photo taken 21 min. after reaching speed and 57min. after adding enzyme. Sedimentation is from left to right. Major peak = 80s.
Demonstration of polyribosomes in paramecium
Routine examination in the analytical ultracentrifuge of paramecium 10,OOOg supernatant fluids showed the presence of a relatively large 80s boundary. In addition, smaller boundaries representing ribosomal dimers, trimers and tetramers could be distinguished and occasionally the pentamers were resolved. To determine whether or Protein synthesis in Paramecium 9 not the aggregates were polyribosomes, a portion of a 10, OOOg supernatant fluid was mixed with RNase (concentrations of the enzyme were 0.5 and l*O,ug./ml.) and the mixtures held below 2 * 7 O throughout the experiment. Figure 4 shows that the RNase treatment eliminated the faster-sedimenting boundaries and that the area beneath the 80s boundary increased. The only difference noted between the 0-5 pg./ml. RNase Incorporation of amino acid into gradient fractions of paramecium 10,OOOg superantant fluid To determine whether ribosomal activity could be directly shown in paramecia, the experiments described in Fig. 5 were made. The data from the 60 min. centrifugation (Fig. 5a) Fraction no. observations were made on a 30 min. centrifugation. In the 120 min. centrifugation (Fig. 5 6) the 80s ribosomes had moved well away from the top of the gradient and there was a correlation of amino acid incorporation with them. The use of mouse liver 'pH 5 fraction' also caused incorporation which appeared with the 80s peak (Fig. 5c ).
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m e efect of Mg2+ on the distribution of I4C-amino acid associated with the 80s ribosomes Amino-acid-labelled 80s ribosomes from paramecia were prepared as described under Methods. The results appear in Fig. 6 . Comparable material was also examined in an analytical ultracentrifuge. Figure 6 a ( 10-2M-Mg2+) shows excellent correlation Fraction no. at 33". After obtaining purified 80s ribosomes as described in Methods, they were dialyzed 15 hr against two changes of medium A, Mg2+ = lo-, M, no sucrose. The impermeate was layered on a 5-20 % linear sucrose gradient in medium A Mg2+ = (b) Incubation-volume, 8.4 ml. Label, 3 pc. reconstituted protein hydrolysate. GTP, 1.5 pmoles; creatine phosphate, 60 pmoles; creatine phosphokinase 0-6 mg. Paramecium 10,OOOg supernatant fluid, 35 mg. protein. Sucrose, 1.5 pmoles; tris, 300 pmoles; KCl, 150 pmoles; MgC12, 30 pmoles, pH 7.6. Incubated 30 min. at 33". After obtaining purified 80s ribosomes as described in Methods, they were dialysed 15 hr against two changes of medium A containing no sucrose and no Mg2+. The impermeate was layered on a 5 to 20 % sucrose gradient in medium A (no Mgz+) and centrifuged seven hr at 53,OOOg.
(c) Incubation-volume, 7 ml. Label 2.5 p. reconstituted protein hydrolyzate. GTP, 1-25 pmoles ; creatine phosphate, 50 pmoles ; creatine phosphokinase, 0-5 mg. Paramecium 10,OOOg supernatant fluid, 50 mg. protein. Sucrose, 1.25 mmoles; tris, 250 pmoles; KCll25 pmoles; MgCl,, 25 pmoles, pH 7.6. Incubated 35 min. at 31". Following incubation the preparation was handled as 6b except that it was dialysed 4 5 hr against three changes of buffer before layering on the 5-20 % gradient. between the absorbency and radioactivity curves. The analytical ultracentrifuge showed that the majority of material was present in the 80s form but that a considerable degree of spontaneous polymerization had taken place after overnight dialysis against M-Mg2+. This was substantiated by the marked shoulder seen between fractions 5 and 9 of Fig. 6a. Figure 6 b shows the distribution of material from 80s ribosomes subjected to dialysis for 15 hr against buffer deficient in Mg2+ followed by centrifugation for 7 hr, while Fig. 6 c shows the distribution obtained when dialysis was for 4.5 hr. The analytical ultracentrifuge showed the presence of 45s and 30s boundaries. While over 95% of the TCA-insoluble label present in the initial 80s material was recovered from the gradients shown in Fig. 6 a and 6c , only two-thirds of that present initially in the experiment shown in Fig. 6 b was recovered.
DISCUSSION
The experiments described indicate that Paramecium aurelia stock 51 was able to incorporate amino acid into protein via the ribosomal route. For incorporation to occur the 150,OOOg supernatant fluid (soluble fraction) was required together with guanosine triphosphate (GTP) and either adenosine triphosphate (ATP) or an ATPgenerating system (Table 1; Fig. 1) . Furthermore, the stimulation by GTP and ATP (or the ATP generating system) supplemented one another (Fig. l) , suggesting that these compounds played different roles in incorporation as would be expected from the presently accepted model of protein biosynthesis. While the paramecium system was essentially unaffected by DNase treatment, it showed a marked sensitivity to submicrogram amounts of RNase, indicating a requirement for labile RNA, e.g. messenger RNA. That the protease pronase (Nomoto, Narahashi & Murakami, 1960) released the label into the cold TCA supernatant fluid and that puromycin inhibited incorporation into the TCA precipitate support the conclusion that the amino acid was incorporated into protein via peptidyl-RNA intermediates (Allen & Zamecnik, 1962; Zamecnik, 1962) .
The time-course of incorporation in Fig. 3 shows a rapid decay in the rate of incorporation similar to that reported by Chesters (1966) for Crithidia oncopelti. That this decay was not alleviated by repeated additions of soluble fraction to the system is shown in Table 2 (samples 1-4). It appears unlikely, therefore, that the paramecium system was capable of much de rzovo protein synthesis. More probably polypeptides present when incubation began were augmented, and any chain initiation which occurred was not carried to completion of the polypeptide. The relatively small amount of label (< 20 %) found in the protein of the soluble fraction after incubation (Table 3 , 150,OOOg supernatant fluid) is additional support for this conclusion.
That contaminating micro-organisms played no significant part in incorporation is indicated by the following observations : the mass cultures used for these studies were free from bacterial and fungal contaminants ; soluble fraction, 150,OOOg pellet and cofactors were all required for incorporation ; incorporation ceased after incubation for 10 min.; the 14C-label became associated with 80s ribosomes.
The experiments reported in Table 2 (samples 5-8) show that pre-incubation of the soluble fraction together with the ribosomal fraction caused a two-thirds loss in activity (305 vs. 957 c.P.M.) while a somewhat less severe loss occurred when ribosomes alone were pre-incubated. These findings are substantially in agreement with those of Protein synthesis in Paramecium 13 Marcus & Feeley (1965) who worked with a cell-free system from peanut cotyledon and are characteristic of ribosomally-controlled amino acid incorporation systems (Allen & Schweet, 1962; Matthaei & Nirenberg, 1961 allowed a fourfold increase in incorporation by paramecium ribosomes (as compared with paramecium soluble fraction, Table 5 ), we have a clear indication of the presence of inhibitors in the paramecium 150,OOOg supernatant fluid. Furthermore, it appears that during incubation destruction of essential components occurred.
The finding that mouse liver 150,oOOg supernatant fluid and ' pH 5 fraction ' (Table   4 ) stimulated amino acid incorporation by paramecium ribosomes and that paramecium soluble fraction stimulated incorporation by washed mouse microsomes, is a direct indication that the paramecium system follows the classical model. However, not until specific proteins are isolated from these hybrid systems will it be possible to determine whether mouse messenger RNA combines with free paramecium ribosomes to make mouse protein, or whether mouse transfer RNA supplies amino acids to paramecium messenger RNA. Evidence which implicates the paramecium ribosomes in incorporation comes from the sucrose density gradient experiments (Figs. 5, 6 ). Figure 5 (b, c) shows a correlation of radioactivity with the 80s material, while Fig. 5a indicates that some active polyribosomes might have been present in the gradient. The substitution of mouse ' pH 5 fraction' (Fig. 5 c) for paramecium soluble fraction caused a distinct shift of the radioactivity peak (relative to 260 mp extinction) toward the lower end of the gradient. This shift may have been due to the presence of inhibitors from the paramecium soluble fraction which contaminated the higher fractions of the gradient, for no such shift is seen in Fig. 6a which utilized paramecium 150,000g pellet and mouse 'pH 5 fraction'. Figure 6a shows that a correlation between radioactivity and 260 mp extinction persisted when purified amino acid-labelled 80s ribosomes formed spontaneous polymers at M-Mg2+. Upon dissociation of the 80s particles into 45s and 30s subunits (Fig. 6b, c) little label was associated with the smaller subunit, while the 45s unit retained marked radioactivity. While the specific activity of the 45s unit was not appreciably affected by prolonged dialysis (Fig. 6b vs. 6c) , one-third of TCA precipitable label present in the initial material was lost; and the released protein is seen to peak in fraction 20. In the gradient of the 4-5 hr dialysis essentially all of the TCA precipitable label present initially was recovered and in place of a peak near the top of the gradient there is a trail of radioactivity through the top half of gradient.
These observations suggest that a considerable fraction of the nascent protein was tightly bound to the 45s unit and was neither degraded nor released by prolonged exposure to low Mg2+ concentrations. However, the nascent protein which was released by low Mg2+ concentrations reflects prolonged exposure in a change of position in the gradient and by a significant loss of material. Possibly these findings indicate that in the experiment shown in Fig. 6c the nascent protein was released from one or the other of the subunits only during centrifugation. If proteolytic activity during extended dialysis was responsible for the loss of label, release of the nascent protein only during the course of centrifugation might have effectively protected against such Tashiro & Siekevitz (1969, who used guinea-pig hepatic ribosomes pulse-labelled in vivo with amino acid and dissociated with a chelator, reported results virtually identical with the pattern shown in Fig. 6b , while Philipps (1966) with rabbit reticulocyte ribosomes presented evidence indicating that upon ribosomal dissociation the nascent protein might be bound to either subunit. In this connexion it is interesting to note that the reticulocyte ribosomes dissociated to give compact 60s and 40s subunits, while paramecium ribosomes dissociate into the more open 45s and 30s forms (A. H. Reisner & H. Macindoe, unpublished results) . In the latter system the secondary bonds which tend to bind the polypeptide to both of the subunits may become disrupted allowing the peptidyl-RNA-ribosomal bond to play a more dominant role.
Concerning the sensitivity of the protein synthetic mechanism in paramecium to
[Mg2+] (Fig. 2) We are indebted to Dr W. J. van Wagtendonk for a single-membered culture of paramecia, for testing our early baker's yeast preparations and for suggestions in developing the new culture medium. Our thanks are due to Dr J. K. Chesters for permission to refer to his manuscript prior to publication and to Misses R. Price and D. Bramfitt for able technical assistance.
